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1 1 

# u * o - ^ ;Hfi# 0 

2 ] 

Sm a d 2 co'J ^*-IWSma d3W'J >*-S*W75 9 BMB?!lfc-&£ *L4^ 

7°^ k co 'j > BftftW-entlUfr* * fc-geft l r ft* l etJiiLft a» <b t# h ti z> , i left 

<7>*°iJ ^ n - ;i4jvffco 

3 ] 

Pro Ala Glu Leu p-Ser Pro Thr Thr Leu p-Ser Pro Val Asn His Ser 
(K?iJ#-§- 1 ) 

ttlU p-Ser(±U >Mlfc£fr*:-t? V y^Wct) ftJfc-ffcOfcJ&Ofltrta S m a d 3 

Ala Gly Ser Pro Asn Leu p-Ser Pro Asn Pro Met p-Ser Pro Ala 
(Wffltt 2 ) 

(fit, p-Ser JiV ^BMbSftfc-fe'J y*&$) 
t-ab ^> it^ 2 o# 'J^ n - 1 ;^fro 
[Wf *31 4 ] 

ffiemUtt** 1 *^'?**!**^ 1 ~ 3 <7)v>-ra^-^IB«0#'; 9 xi--}-)V%ifo 0 
[If ^ 5 ] 

MlwV >^b^7°f- Kt7 7-f -tM -Jfi|*Lfe"b<?)T**tt*^ 1 ~ 4 O^-fti^— 

im&m 6 ] 

If^Hl ~ 5 cov^-ftL^-^ta^O^'J ? u-1-)\,$%fo(n^ Sma d 2 V 
JfSma d 3 'J >*-««WJ >mtZM&-t2>mM<OX9 U - - > ^^O-ffiflio 
[If** 7 ] 

Sm a d 2 V > # -^Ec&tfS m a d 3 U >#-fHtcD'; 2>mM<DX 9 

(i) TGF-/SS^# i S:l&ffi-r*Xtt3&m$*^:l«ILIBJlWfl&«r, TGF-/?tIIt4 

(i i) iIl^TGF-^Hi:^>^i^-y3>t^M, 

(i i i) -f > a >f£oKM£I3^L*^y^XLT*^y*- b 

(i v) WfcJtfc*^*- h fc, Smad? V/^Jtl^*W4fi:#i £ J'**'*- 

( v) »ft*Eitl*«[^flt i S:lt*3l 1 - 6 ov>-***i*»— SEIKO*'; tu-l-frfofot t i> 

8 ] 

9 ] 

Sma d 9 >si?K<DV MM OA 9 'J-->«t*ot, 

( i) mnt trosma d * sc tttii 

(i i) iSmad^^f^ffitIp3 8^ AT P<0##T-CK(&3-£*ftRK 
(i i i) KiS3-£fcSma d^w^R^O'J >BHtSma di'W^RMU 'J 
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[ft** 1 0 ] 

(i) te^O*fflJfe£TG F- /?-CjMU -£B#P B micM£[I|JR«|£Pg> 

( i i ) kh^l^m?)*^ v*- hzv ymimm<Dmmfcw^%mtwz*tz>WLm 

\ \ i i) m%.1zti:m2-£tzU.®-t, mmmmt, Sraad2 1 Jn>et>Ft Sma 
d3 'J 3 > kf f- > h i £ , ^^ehntZ-C-f^^rJ-^- h LtSma d 2Sy~Sma d 3 

( i v) Rtt-?*/cSma d * <7) <J >|ftSma d * V 

>m4t&~**1-&#vf$£ffl Wc-f Ay 7*n v MitMtmu >; > ^ffc?> IS* £*IJ Uri- 
els P£ 
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l%W<D%m U WS^f ftifflV^;^ 'J - - > ^ffi 

[0 0 0 1 ] 

*o J:«9»«Htc{±, *3£lKf±, F7>^7*-^^gH^-^ (T G F — /?) 7r 

5 'J >/<-3&*M#"t-S v^f-;K^{5iitfST**<2) Sm a d 2RZfSm ad3©'J> 

'J ^BlfkfflSffi*^*Wt:B«"r*«faK:#»wM-t-'4o HK^fPJfi, Smad 
2SO i 'Sma d 3 O 0 >*-ffi«W'J >Bft-ffc * IB*"* £ |j££ij O X * , J-->^feCKt 
-5) o 

[0 0 0 2] 

TGF- i 9^-A , -7r? , J-li, T G F — /? , BMPft^U £#F*I tiJV»TJlffl 

ifeofl-fk. if5iw$ij, mmmmm, u+ik&mm&. mmm%mm*^-r2>#mz? 

[0 0 0 3] 

JWIfe*ifO|BI*jW]SHttiWlfl&n^ h 'J (ECM) W*flt*iE)ii-*ii:lcJ: "9. M 
[0 0 0 4] 

jSttftL^Sma df±. I v * X J -Y> • 7*f-^-*- • >f > H 
tf ? - • I M (PAI-1) <7)£d&ECM Sa^^n^-^-IMM^K^IS^L, AP-1 * ATF 

[ 0 0 0 5] 
[0 0 0 6] 

TGF-/?f±#J*6H I I1§##C^L, ^tll^C^Lt, tiL&fcite 
!&irZ> 0 dOB#I I I Iff "J V^fcL> £ fiK «t «9 rSttftS I MS 

MCSma d tmXti* «t "9 TyftO-^^ T G F - /? v ^ JHSitB 1 ?-* 'J >M 

[0 0 0 7] 

Sma d^>^°^S77^ x ) —<T>* y/<— it, v a v a ^ ( D r o s o p h i 1 
a) ©BMP^^n- ?"e& * Dpp (de c ape n t ap 1 e g i c) Ov^t^J 
Mi-T^it^i^*^ 0 --^^Ofg^ DppCWf^vf- (Mad :Mother 
s against Dpp) £<Dttm&^m<3\,*xmfe2titio —JJ, (C. el 

e g a n s) © B M PiB^W^t * S D A F - 4 « itfef d a f ~ 4 (D^tmW. 
(DWBM^TF-S-ikittt LT s m a - 2 , -3, -4#H^f: c d fifc^afsT-Tpn - 
S m a * ^^giMa d f±v>i**ifc T G F - ^-^-77 5 'J-^y^ti^ 

-IRCSma d (± 5 0 0 7 ^ ^ Btfrh tah 9 HtlMMfeTtt £ *l4 

8mM<7)? W^gSma d 1 ~ 8 t5 ? |b];e £ *LT 0 
[0 0 0 8] 

Sma dit*<omi&t&tmfrh 3o^^^ /C^ItS: H J "C|4 0 "f 

6 R - S m a d (receptor-regulated Smad) > t^t^glg-C 
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£i§KJBv*<b*iR - S m a d tM&fc*MJ&ir 2> Co-Smad (common-med 
i a t o r Smad). Mfc - tih<D v 7 -T )\< * fcm.-? & S m a d H^fU^H^ffli-^, 
I-Smad (inhibitory Smad) XhZ>o R-Smadi: LX li S m a 
dl~3> 5 $.^8 7^ Co-SmadtUliSmad4i*, I-SmadUtliS 
mad 6Rlf 7 ff%\htiX^Z> Q 
[0 0 0 91 

— %8iK, Sma d«N*3i CJfcJtttKWU Sma d7r 5 'J-^^<^$^ 
MH 1 (Mad homology 1) Y~ * 4 yRTfMtt 2 Y * 4 y tmtKZ>WMff 
Zti^tiftfe'fZ>o MH 1 K^^>tMH2 F^< > i: l± 'J > # -lilt * ^ n 

v - <D f& v ^1 it "C 3? 75 ? o T v » S o 
[0 0 10] 

Smadl, Sraad2St/Smad3©r/* -flitti ErkCioTSe r 

^^c^stt-S) - tmnhtix^z ($m%^m2Rxf3) 0 mmiz^ smad2<ov 

>#-1U$tf)S e r 2 4 O&C/S e r 2 6 0 (±MH 1 K> 4 ><0 S e r 110 <t|B]#r 
CamKI ICiot'J >^fb£*l£ 0 
[0 0 1 1 ] 

R-Sma d(?)it C**SHJK[±S e r-Se r-X-Se r tv^T^y^K^iJ (S 
SXS^f-7) t^&O. #i:C»i:i£t>2oos e r^lSSMtaoT'J 

[0 0 12] 

Sma dliTGF-^77 5 >;-> > <Dj&ffi{H& ^&*£#J£H^ U Sma d 2 
S ^' S m a d 3 ii T G F - |? y 7 1 'J > ^* L t tI«)T^ ^ (§£#ff £iU ) » 
ffcLfc Sm a d 2 WSm a d 3 (iC o - Sma d S m a d 4 LT, II 

KWffL, mMmfcTZffimk-r&o TGF-/?^i&(i. S m a d 2 X^S m a d 3 <OWi 
mkt&tz^ I - S m a dX$>Z> Sma d 6 J: Sma d 7 C<t ")y/t'J >y<K>s<? > 7, 

[0 0 13] 

m&WfJCM 1] Heldinf,, Nature 3901465-471, 199 
7 

[#M£H\fcJtt 2] Kretzschmare, Nature 389:618-62 
2 , 19 9 7 

[#Mf If 3] Kretzschmarf), Genes Dev. 13:804 
-816, 1999 

UMftf ifcSJU ] Journal of Biological Chemistry 278(13) : 11721-11728(2003) 
[H^OP^^] 

[0 0 14] 

±^co i n fc, Smad iiT G F - /&flt#W&ECMSfitf>*«fcM;b*M$: * 

K-c**ifc*>e>, i<7)^ >/**5t*:*w.fc < 1 1±, ml flip 

^OjSMfcffcfcttU gLiSMi^bO«ft** f »l^"C § * <b*t£o 
[0 0 15] 

Sm a d lifO- #:flHt_t-, DNAIS^Ii^ Wi«tt«3oo««i: 

, C*«^it^X< 5^-* > h £ 3 2 P i:io-C«» ( 1 a v e 1 ) LflWfL 
TGF-/?i:USma d OfgtHbfi C V >mttfm?$>& £*£x.btix & 

[0 0 16] 

-?-ClT2|5:flW#^t±, Smad 2M'Sma d3<0'J J'BMtfci&HWfc 

mtE#2 007-3012909 



#11 2003-351259 ^- v : 3/ 

ttnjn:t i 4 zitm-tzz ttfttftf* u - *l * ffl ^ -c v ^ * - <; 

o 

[0017] 

>9 £ # £ ^ x. * v » Ecm e * £ * f a* # & & k fx t> ti x v » * #f «j b# k co * # a & k ecm 

[0 0 181 

BP*>, *&Wlt. } ) ^IMtSfLfcSma d 2 <D 'J ^*-|WSma d 3 CO U > * - 

4 ? v - -)r )V$iW\zmir Z, o 

ttz, *3kWli. Sma d 2 co 'J V*-iWSma d3©'J ^*-f««7 5 ^ 

V >ift?W;Sm a d 2 WSm a d 3 K*3fA69K*££"1-* *° "J * n-^fevf^r 

[0 0 19] 

£ fc, ^BJ(i, S m a d 2 'J > * -ffii&fttf S mad3'J>* U >BMfc* B& 

(i) TGF-iffS^Sr^-t-iXttffeffi^-frfcPlSfLajWIlfe*, TGF-/?tiat4 
(i i) i«*TGF-/3 3 

(i i i) 4 >^ri^- v a >|£ogdfflJ&£EaL*^v^XLT*^ v*- h 
( i v) WfctLfc*^*- h Sma d * w?* KK#Al$&fcvffc t t 

[0 0 2 0] 

( i ) LTWSma d * Ri:«tt**W £ 

(i i) iSmad^W^I^ffittlp38i, A T P <Z>##T"CR(£S-£SaPt, 
(i i i) RJoS-frfcSma d * W^Rif^'J >BMfcSm a d * W^fWU V 

[0 0 2 1 ] 

3Efc#!&9JW\ Sma.d * WSO'J >Wtit*l&^i- ZMM<?>A? V rfi&l? 

(i) ft*<7>M£TGF-/?^fiJ8fcU -^IBJ^tCiWJia'SrigjR-t-SSW, 

( i i ) m®W.LtzmMe>**:iS*- h * U >^ti£Sfco#J££t#^&^i;tPf £«I£P£ 

( i i i ) Rft&ifc»S*fc*W*fc, ^M^^'J , Sma d 2 'J a^lft^ hi, Sma 
dSV^^lftvht^, >f>l£M3£-C>f > HTSraad2 St^Sm a d 3 

( i v) Rj££-tir£ Sm a d * >/^K^C0'j «Sma d * >^7f4:> V 
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[0 0 2 2] 

Bft^tttti^&KJt^, £<9WJi<, J: D«fft»i:Sma d 'J >B*ffcffi#*h t>^T(±#L 

i%wzmmirz>tzib mm) 

[0 0 2 3] 

0 >&i£2titzSma d 2 co 0 -^JfcSttf'J >B£ft;£*Lrt: S m a d3« 
y yij-W&. XJ±»U >A-IWi:Sma d 2 3 <OC5fc#«J*OW2rfc#*to 

[0 0 2 4 ] 

'j * n - :J-;M5vf*:{i, Smad2W'J>* -TOlTSm ad3©'J>*- 
[0 0 2 5] 

^fp^co^y *n--*-;Hfrffc{i. Sma d 211/Sma d 3 0'J >*-^WJ >K-fk 
[0 0 2 6] 

Smad2M30, 'J > * -flWfcfttfC **«**^tr T 5 y MBUi-e-tt-efi, G 
e n b a n k : NM_0 0 5 9 0 1 (human S m a d 2 ) RXf G e n b a n k : N 
M_0 0 5 9 0 2 (human Smad3) K^S*LTV** 0 'J >BMtS K 
^figfill 1 K^ftK^StLT^fco EI1{±> S m a d Ifig<7)-^ij|(: «t & 

[0 0 2 7] 

Smad2©'J>* -flHfcO U >Wtit^-^ KW\ T 5 7 2 4 5#S frh 2 5 9 

Pro Ala Glu Leu p-Ser Pro Thr Thr Leu p-Ser Pro Val Asn His Ser 0£^ij#-^ 1 ) 

ts^Wo fsu p-Ser {±y ymitztitz* y >£^u ^-©'j ^aMMBtett 2 4 9# 

iWSer, 2 5 4f@OSerCiit4 0 
[0 0 2 8] 

Sma d 30y 'J >mit^^ Ktt, T5 y$S*2 0 2 1 4 

Ala Gly Ser Pro Asn Leu p-Ser Pro Asn Pro Met p-Ser Pro Ala (BEFiJS^ 2 ) 
T^Sft&o {IL, p-SerliU yMitZtitzf) >*$U U ^BMMMfcli 2 0 7 # 
gcDSer. 2 1 2f g©Se rCfit^-o 
[ 0 0 2 9] 

Sma d 2tf>C**y >$Hb^^ KHU 7?/«l4 5 9#Bj&»6 4 6 7f Bit? 
Pro Ser Val Arg Cys Ser p-Ser Met p-Ser (R^JIM^ 3 ) 

-Cfc£;ft£o fSU p-Serti'J >BMfc3*Lfc-fe y ^Sr^cU f O'J >iWii4 6 5f 
g©Ser, 4 6 7flOSerCilt^o 
[0 0 3 0] 

Smad3«C»'J >»-ft^^f - K»±. T 5^1^14 1 7tE*»t 4 2 5f lil? 
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Pro Ser He Arg Cys Ser p-Ser Val p-Ser (@c?D#-^4) 

-C^Sti&o lit, p-Serl±U ^BMbSfLfc-bV >SrftU *<0 l ) >MktotiLlt 4 2 3 # 
@<7)Ser. 4 2 5f gOSe rCfit^-o 
[0 0 3 1 ] 

-WtlkVCMim^?*?- KW7 7 -f — 7" -Y -*7A (Activated Thiol 
Sepharose 4B>Amersham Biosciences^) tt-Ttt 

[0 0 3 2 ] 

flKSma d9>'*?n<VV 'J >$lb%K##llft&^#^^*£K 0 

Sma d 2WSma d3<0'J tffCSma d 2XtfSma d 3<7>C» 

, #tlfiL7t£#£o #£*L7t#LlfiL?i^<^ U >ift$fifcSm a d H«F*fl9*StJfiL»Sra^ 

[ 0 0 3 3 ] 

^ff)'J >tffc$^;Sraa d 2 O'J vii-ffi&JkTfV «?^Sma d3©'J 

^ n-^l/jfrfcii, Sma d 2 V > # -^J&RtfS m a d 3 V 

^ ij - mm <n >j > mib & mm <n*w -=-> m& tzmm -t&zt § a „ 

[0 0 3 4] 

*?|««)Sma d 2 'lV*-f«SirSma d 3 V ^A-f«W'J >$Hb£IS 

(i i) TGF-^t^:^ > + v a >t 

(i i i) ^ >^fa^-y a 0JRL* ; Eyt'f XLt*€ y^>- h 

[0 0 3 5] 

_h!E (i) ~ (v) OgBftt, TGF-/?£^#fcf£5H-*£L< H*a$*fcl«IL 
»OJ&*aiJfe. Xli S m a d 2 ^ L < 11 3 H^SCJt- CT G S T, FLAGi^^S: 

^HfP^Mfla^HliRL, *tyt^XfS 0 f y h S-fiftO S m a d #*fit# 
■Cfc&ifcfcS^&o WSma d#^#t/ffc£ LTti, «x.MT, Santa Cruz 
Biotechnology tt> Upstate Biotechnology tt, Xi± 
Signal Transduction Lab. tt^ 1 ? <^iH Smad2/3 tfiifctf^ 
ifbti&o #CV>T% y >ilt§^Sma d 2&0 f Sma d 3 «r#*»H 

(&T\ -eti-TftSm a d 2WSma d 3W'J >ift#I»i:<>g^ 

JSILfc^C, Itt^TGF-^ ti^M^ + i^-vaVU ^Sra adT/ 

> C<7)^#^^BJ(7)'j yfflkZtitiSma d 2 CD 'j >fkit^tiizS 
ma d 3 <DV > * # 'J ^D-t«iE(E§^ 'J ^SMbSfirt: S m 
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a d 9 >s*?M<Vft&<D%te*$ifo-?tll£, mmnmM^Sm a d 2 M'Sma d 3 <D V 
y m<t £ ffi*-t Zfr&frZW&i-t&zt £ £ o i" £ *° <j ^ n - ^ ;]/ jfifl; rt ? 'J y 
lltSmad^ y;*?nZWirtU£, iWWSma d 2^.^30V >#-fIi^T 

GF-/? ^^i-^mm^x *) u ^mib^-cwc- 1 19 , mmmwism* y 

m.itZm^1r2>Mm'C-l±%^Z t K£& 0 *"nn-t^WJ>i{tSmad 

#Jf± S m a dO'J >B*ffc*lfi#-*"* t^o iiC&So rtLt:il)TGF- 

/JCUSmadW'J >^fb£##limc|5l#1-Mb^% * g Wfcjigo * U - - > ^1" 
& CI £ t5 ? "C # £ o 
[0 0 3 6] 

-hE* *'J > mmt. S m a d 2 0 > * -IW&t/ S m a d 3 U > * -flitco 
[0 0 3 7] 

iiiHJ: Sm a d * ^a^S^U S'BMfcfcMU 

[0 0 3 8] 

-2) o 

( i ) LtooSma d * >J<?Kb&timM t fcg&llS-fraKHN 

( i i ) iSmad^ w«*«£f&14Slp 38i, ATPO#«TtSCt^*^m 

(i i i) RJSHfcSma d^V^If^'J >SlftSma d * wc^Rfcfctfi u U 

> asHb<z> ia# * *u »f 1- £ m% 0 

[0 0 3 9] 

^^jStiv^frtps >f >- tr h u*r-r-*?T y -tJ ^fflv^v^,, ^ y\£ 
£\ Smad^W^f) ^AT P»ffSTt^?«IS^ 'J ^SMtS-tfS tWf* 

[0 0 4 0] 

&%W<DA? 'J -~y VJ]i£cDi> ^-ooiit*^, Smad'J3>ft>f 

(i) tt*W*BIfe*TGF-0^J|njmU -^IWmKMIIj&SriaJR-r&aB, 

( i i ) REJRLfcffllfeO** v*- h * V ^R-ffcWSR^WSfiiff-CftftiJtl^^^SSBP 

\i i i) iitSfc, Smad2'j3>lft>ft, S m a 

d 3 V n > tf-^-> h t fc, >f > tf h uiZXJ y*^^<- HTSmad2 XffSm a d 3 

( i v) R(£S-£fcSma d * w 'J ^iftSrna d V 
[0 0 4 1 ] 

, ^JSgJ^'J >Mt2H& ZtiZX *)xS&mt%2>) ZZtlb<Di%m&Lfo (P r o m e 

ffifiE# 2007-3012909 
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L tz U n y kf > h GST-Smad3& O f GST-Smad2 2 ^ g & 100 /* M ATP £ # tr 50 ^ 1 * -f - 

[0 0 4 2 ] 

i:t, _tfBU >aft^#*W#*fiL#fctt, p38XI±JNK (c-Jun N*^* 
[0 0 4 3 ] 

ffi vSttMp 3 8 (Anti-Active p38/pTGpY, rabbit 
, * — ~h — iPromegatt) 

p 3 8 £#<D'J >»ft«tt-e*4 7 5 ymi82#BOThr, 183#gOGly> 184# g OTyrO 
l*K 182#g<7)Tm\ 184# a OTyrrt* 'J >#Kb $ ftX p38K & #g W &#l#o 
ffi jgttMJNKffifr (Anti-Active JNK/pTPpY, rabbit) / 
^ — ij — : P r ome g at) 

J NKgl^'J >BMbSIS&-e&'&T 5 y ^183#@<7)Thr, 184#g<7)Pro, 185# g OTyrO 
l*K 183#g<£>Thi\ 185#g <OTyrrt ? 'j >Wtik2 fiX JNKK*H-*ifM*fl9*#t#o 
[0 0 4 4 ] 

Smad2'j3>lftv hRVSma d 3 'J 3 > \£ i~ V h £ ti, Sma d SS^'Sma 
d 2<*>N5fc5BKG S TSrit'&S*^: 'J a >lf^> MfilWC fcT* <9 , *M (DH5 
a) 4- ffl i/>Tffc$4 Ltzi><DX$)2>o IPTG ( >f V 7"n tf ;i/ - -f- * - /? - D - if 7 ? Y \£ 
v J v K) "Cfiailt**^* i ^fllJfi^-fr^G S T - S m a d 2$.^G ST-Smad3 
Sr-g-tr 79* 5 K Jfi*i&*, *©*HS:-ttJSlL, IPTGT*M$*/: 

r 0-* 4 B *7Ai:iJDU PBS 5 0 mM Tris-HC1^77- 

, pH 8. Ot'^f, 1 OmMlxl^^f t^*^tf 5 0 mM Tris-HC 
1/^77- pH 8. O-eGST-Smad^W^S^itbtio i^i^CLt 
#eti/:GST-Smad 3RZ/G ST-Smad2 4r#gOfcK:fflV>a 0 
*Hl«*Iv>TSma d 3 tf> U > # -<SJ$7&*p 3 8S^J NKCilJ'J >EMb$ 

bittern**? y-->/t4ifci , fl4. 

[0 0 4 5] 

( i ) s m a d *^"t4iff*it<b-> ri-Mjkmm.m 

TGF-/?y^tM5IftIt*^Sma d2Sy t, Smad3« > MAP^t-t' (M 
APK) J: 19 V yMttZti&^ti^iKDV vn-miLt, HTGF-/?$^(;j;o 
TU >BMtS*L**;fcW<&C**lflHafc CWLt#Ifi<l*, fitS ma d 2&?7 3 0'J > 

fctfct-b^fc, SttftLfcp3 8MAPK*», S m a d 3 O V - 'J 

M^h'J?* (ECM) <7)M^^4JELTV>^ d t £ji.ttl Lfco *3P^<bfi 

, ztLhtiottm^. wmmm.*<7>x£m\:m.MM (hso &^i»i$it^« (mfb 

) Kislt* Sm a d 2 SV3 W'J >®Hb«£ Jtfgef&ft U Sma d^Uy^tME 
[0 0 4 6] 

91 v^^ffllgftfl J&*B* "b ii, 7 2HIHItinf>liKiLfco 

tBliE#2 007-3012909 
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fM£mm.&tomm-cii. M-mw<n$><i^mmz a smooth Mustie a c 

t i nJStVV i me n t i n & o fcflHkftH S CHBIfifceafco jEtlfrfcttei&fc 

fi&^ofcd 1 , Pt»flf^£1^LH S C«ti£v>T, 'J>*-»**';^ift$iifcSma 
d 3 C >BMb$*Lrt:Sma d 2&0*3 tt, «F«3»::B«& fcftfco ifc* 

«Bj5*'J ^l;?W;Sraa d 2 tt*MI&Kfc:B* fcftfco 
[0 0 4 7] 

h Iff* 6. M.mm * frit U #LSmad2&U f 3 #Mfc"C$&ftifc|!|ffe, i * * > &-c 
•J >l*f&RJS*#*rLrt:o ESMIHflfe S m a d 2 Rtf 3 HJ&ifJ >$Ht$ ttr v>£^o 
fco 6H#Wfctf-*KSma d ^ * -SB t C*5»W 'J >Bfrffctt£T 

/CitU 7 2^tCM^L^ 0 
[0 0 4 8] 

«ttiffi**? h (D&m^Miktt'cit. c c 1 4 attist-^^ 3-6 Mwemmiknmm 

ft58£jffl«^»tftW-Cti, |»]fffc;&V>TiR*t5fcfc?&o-C« SMA&tfV i me n t in 

fifcSma d 2 \±imffl&.KWi>hfitz 0 L^U C*38t&*'; *Lfc S m a d 3 \±U 

nbhtift fritz <> 
[0 0 4 9] 

MFB#,tt^*fL, ^ x X 'J >ij^i^S?lf L/Cc mm^^3-6m 

IflfSma d 2RV t 3V><i;tl*?fl<DV > * 1 C*5»0 V >BMt**3!& < B*> <b frfco L 
* L, HH«fTGF-j8iJtO±#i:4^*>?>f Sma d 3 WC*SK<OU ^KffcttKi&fc 
tt^^o tz 0 

*ttffF»*moHSC«il&fcl±*«rlJ, «ttffFI»*aeoMFBj|«|feHiJV>-Ctt, p3 
8MAPK«SttWotSma d3«'J > * -«Mfctf*B1irfi«J V >Mit2ti&liZ.&tT 
LTl/>*fc*, I ITGF-jJf^^C^S'J >SHb&*-C£ <^oTV^t#xf> 

[0 0 5 0] 

(2) *DftJ&*£iffl]fefc:fctt* 'J >m<b$tL7t Sma d 2WSma d 3 ^«F*«j4fitflt 
*Jflv>fcTGF-/?5'^/H£jMflltf>##r 

*3£^#<b{i, Btmj&fctsif&T GF - fi y^t^I«tj|i:ov»t«§Lt (He 
patology 2002, 3 5 : 4 9 - 6 1 ) » 
[0 0 5 1 ] 

#f&W#&W:jefc, TGF-/?(:USmad2Ry*3« l J>lfti:M^'}, :o 
U >^b?^:Sma d 2MSma d 3 K&mM%fofc*m\<*r®ttt&m&mm"i3V 
£Smad2tSmad3 Sr^i"* v^-f ^jlOfflittW Lfco 
[0 0 5 2 ] 

[0 0 5 3 ] 

tffiKJ: iJWftJStliJftSr^I**!., TGF-^ ilsiP L/:i:u6, 5 5H£*M5 
WCSraa d 2 31^3 OC*jtO*4<9i*S m a d3W'J > * -«Bfi:3&*Mt- 'J >^ 
fk^^feo L^L, Sma d 2 'J ^^-SKfiWTGF-^f ^tliSSt^of: 

o 

[0 0 5 4 ] 

Sm a d 3 U >BHbM\ TGF-^an^ p3 8MAPKWffi 

tt<b sr # o t hj ai l , -e- w t?«si l 0 

Smad20 , ;>*-* , V>SI^$*i4i, Sma d4 t021fltWiILfco L 
*U Sma d 2 0TOCI±C*«0 , J ^a-fb^S"?* o fc e 
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[0 0 5 5] 

T G F - /? yjJsMlL Smad3(t 'J > ij -W) ^BKfcSfiftvv&^K^-c t I M 

Smad3 • Smad4 fltfjjlft?- S m a d 7 <£>te¥WfiS^£Lt<a Smad^ 

^»ti:#4Lti3 1), TGF - p <7)t&^.m&&i&mLtzo 
[0 0 5 6 ] 

fl&K, CMMW 1 ) >WL1l2tL%W&fct3\,*Xt>. p 3 8MAP Ktc i^pjafc/itt-CU 

d 3 • Sma d 4 & , Smad70Sma d tt#fflt£tC#^E Ltv^:^, JRv»fc£ 

tCSmad 7 ©lE^ffitttiiEilSfLftjfro *:<, 
[0 0 5 7] 

p 3 8MA P K^#t£H V ^HtftStifcSma d 3 l±, IlTGF-^S#TOft[: 
>ift$H/:Sma d 3 li * * L v fr^ilt" £ i: # x. <b ft „ 

tl«i:i3lt4 Sma d 7 lE^WiStt'ffcfc ti> Sma d 3 <7> C *yrsfrt s V >BHbS*L&£ 

[0 0 5 8] 

(3) t&mtijmmwmfofc&tfZ V >M?ii/:Sma d 2WSma d 3 fcjft 

fc^?»*lTV>4o t^TCF-yS^Mil-fb^iiM^-^^m^ft-t^ b a^r >-c** 0 
L*»L**«Si»<t^*Bl]|&t-*3tt*T GF-j? *s 7 i- S raad2XO f 3<0 
SB^MWU >SHfc**i8lfc LfcTGF-/?~>^;H£$t*>#*rfi, itLi-C^$tLT 
v^ft v^ 0 

[0 0 5 9] 

##&l^#<b{±, Sm a d 2&t/3 CO 0 ^BMfcfcflU&fciR*) > V >®Hk#i/f££ffl v^T 
J&*jK*Mt^ifflJ&£:fc»t4Sma d £4H"* *s 7i~ frfcmZWbfrlz Ltz 0 
[0 0 6 0] 

Sma d 2&tf 3 O-tfL-Ffitf) V > * -«Bfl[ C 5fe5MBte 'J >WAt^"rf- K 

It) fr#U*fcfflv*fc 0 Sma d 2X0 f 3O , J >$Hkfi. fitSma d 2 & 3 Si;#-Cft«ifc 
HM£, »tt#*fl«J^'; ^i1t?fL/;Sma d 2M'Sma d 3 tefcH-Sifrffc&ffl * 
X? >fti:J;otML/:o $»i:*v^TSma d 21^3©^ > # - §Bfi <h Sma d 
2«C*«I±, ni:'J>iit?W:t|t^o/: 0 T G F - 0 £^tJP Lfc - ^> Sm 
a d 2«C**M4?)fSma d 3<DV > * -WffijJ*** 'J >BMtS*Lfco Lrt>U 
Sm a d 3 «C*»ti V >^fk£ftft^o£ 0 
[0 0 6 1 ] 

Sma d 3<7><J >#-g$&0'J ^BMfcfcJfcW LT, p 3 8MAPK4 V >8HbS*LTi5 
*K TGF-^.^iiDt^ tmW^ 1 ) >mtZtitz 0 SmadSW^A-SUft^JVi 
ftfi, p3 8MAPKEf»li:J:or«pL^it*f>, T G F - /? «£ o -Cf&te'fbS *l 
tzv 3 8MAPK** 1 ; J'SMbKHfroTV** i: MJ £ ft/co 
[0 0 6 2 ] 

p 3 8 MA PKK 'J Viib^^l^Sma d 3 Smad4t 2M*ii 

U mzWft LTV>fc c ^Sraad3 • Smad 4ffi^r#li, ECM? 
t*-S)^7X5y-y>7^ f-^- *->f>fcl£*- ( P A I - 1 ) OSmad 
Klf&LXts*). ZO&W-tS&Zi&mLtZo 
[0 0 6 3] 

mx^mM.mm tm%*)* mmmmx i± P 38mapk ^mmt zti. s m a a 3 
o'j >*-ttffi**imf«i^u ymtztimzwa-tztztb, iiTGF-^wec 

tbliE#2 007-3012909 
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* 

10 0 6 4] 

m 1 0 ymtZ titz S m a d fc#*Wfcffi#©ffc«£#*tfc<0«B 

( i ) *g*<a«Es? 

Sma d 2SD f Sma d 3 <D* In*? tun 'J ^VtC-e-^L-PfLO C 

Pro Ala Glu Leu p-Ser Pro Thr Thr Leu p-Ser Pro Val Asn His Ser (BJ^JH^ 1 ) 

Ala Gly Ser Pro Asn Leu p-Ser Pro Asn Pro Met p-Ser Pro Ala (@E^iJ#-^ 2 ) > 
Pro Ser Val Arg Cys Ser p-Ser Met p-Ser (BB?iJ#-§- 3 ) > 
Pro Ser He Arg Cys Ser p-Ser Val p-Ser (E9»J## 4 ) 

(la l, p-serfiu >mtztitz~tv >*mir) 

4~70^ifeL/co Bil*Wfc*ftWo*^a»ib#iliLU 8fcjfiL»*»fco ^-?\ >;> 

(Activated Thiol Sepharose 4fKAmersham B 
iosciences) % ^ti^tiftUL, Zti^fMDtfifc* 7 7 4 —T<t -||Lf; 0 
EP*>, ifMLtzV ymt^7°?- V<DT7 A -r - * 7 A K-?-*l-r;M# tlfcgiJfllfll** 
flnU 0. 2M 7'Jy>-HCl a'^t- (pH2. 5) -C»tii», IftOtfi/fcfc 
£-tr#B*#JRU JfitSMftfti: Lfco fflv»fc^^f K« S m a d ^ ^^^Ro 1 *ij|± 

[ 0 0 6 5 ] 

(2) 

>; U ^b$^Sma d 2XU f Sma d 3 fctfLfM>#*t£* 

TGF-i9$§ff«:fia-r4J&*iWiaXt±»m$*^Jff*iW«&, X(iSraad2XiiS 
ma d 3 13 G S T^gq* y&tt\,*tzM<k? > lR$:&m.2-ittzfflmi. TGF-£T#!J 

&#-Cft:BEifcl*S-£fc&, -e-tL-rtLV Smad2St) f Smad3 K#*fi9& 

[0 0 6 6] 

FLAG^7Smad3W ! Smad2cDNA (WT) , *tih<7>V > % -ffi&<DV 
^Wt*^HH!tcDNA (EPSM) , XtfC *»B«W U 
ttcDNA (3S-A) H^IL, CMV^Dt-^-Tl?*«flili:l6aH4 

mm^? 9-immLfzo mmawt^cc 1 4 ai?-; hfrh%.mnnLtzM-m.mm ( 

HSC) *i&*U ^^I^MH^b^^^m, %LV?y hjEHtBtmfrhm&Zti 
fcJffjWIS^n-^ 9 (I.B.,Weinstein, et.al. Cancer Res. 35, 253-263 (1975))£fflv> 
fc„ i-fcfc*.. DMEM^i (5% * ->J&jEJfllf» fc-CJff«Lfc?y MFfiSfeJKi* 

H^«(2X10 6 cells/100mm dish) mshm4kflrTfcxm&L?z?u->9K. lipofe 
ctAMINE (invitrogen) SrfflW,: V *7 j. * v 3 i I) -e^ti-W^ 9 - fc^A L 

fco fflJI&*i5fc#&36l$ISI*ff*U iUl»*#T(:t 2 0 0 pM T G F - /? (R&D Systems 
) fc3055-*&*Lfc o *BJfe£RIPA a'7 77- (10 mM Tris-HCl, pH7.8/l% NP40/0. 15M MaC 
1/1 mM EDTA/lOjug/ml aprotinin) [:t**^->3 > U #^^7t7-f-^f- 1^1500 
Ogj|^ii^£#LFlag#C'$ : (sigma) , proteinG sepharose (Amersham B 
ioscience) SrfflW v a ^i"* £ £ i:i *) *MSEitl*R(£S-£fco RlSflL ft 

tt^-HSCo^TSDS^'JT^'J^T? K*»iMHlfcfTV^ »S>*ifc$*Jl/*FVDFlRfc 

mtiE#2 007-3012909 
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&W&s Srnad 2WSma d 3f)'J ^^b^S^Mfe^ C V > 

iftSIW^fflv>T^Ay7'D^ Y^ff-otZo ^ttiti^ H R PtlML^2^#/tfL I 
gG, I g Hj5i#: (Amersham Bioscience) % ffl^tzit^^kyt&bZXft fz 0 Z\tUZ£t) 

, >*-tso>j >mib«ti-&#cf£f2, u >j}-mMw yMimizz^mmttzm 

(EPSM) (ifSm-tirr, C 3Ht§j<D >WtitKtt~$- &%imt C *^co V >^Hblftf£ £ 
( 3 S - A ) tiMe L- & ^ o CI t J: *) , &^#^#flt£{±f«S L 0 

[0 0 6 7] 

3 S - A tliCMtm<7)V S e r 2©p/f£A 1 a i*zm&Ltzi> <D 

-C&£o Sma d SS^'Sma d 2 -f-fi-Tft^ 'J >iHb£*i£S e rCOfigfiSma d 3 
tli4 2 3flOSer, 4 2 5f SWSe rt*^ Smad 2tli 4 6 5f|WS e 
r, 4 6 7#@(7)Ser -C&& 0 
[0 0 6 8] 

ifc, E P SMIi'J >l*fb«MaT?*>* S e r 3IpJt5:A 1 a CfftL, 

Thr^Va 1 KgifcL/c <DX~$>2> 0 Sma d SS^Sma d 2 -frfl^fKD 0 ^gMbS 
iiSSe rS^ThrWttli, Smad3tlil 78tl«Thr, 2 0 3f@«Se 
r, 2 0 7lS«Ser, 2 1 2f gOSe rt^t), Sma d 2 tfi2 2 Of g»Th 
r, 245f@«Ser, 2 5 0fB«Ser, 2 5 5f l©S e rt*4 0 
[0 0 6 9] 

M2 *&Lfc*m\<*tzU8i&Kis\<*x >) >mk*m.^-$-z>it&m*WL\&\^tz-m/WL*®<o 
P 38 ( u y Mimm ) [fi«#J * ffl v> tz m%m 

(1) IS*<7)©E^ 

sl-c*5< ^ici ^ Smad * >; ymit^mms- zit^m* * ? x ) - ~y 

y-c&Zo **i:fiv^T'j >K<b^-c**p38<!oia#»Js b 2 o 3 5 8 o. SB210 

1 9 0> PD169316 (^-ftlfcCalbiochem) ii V > # --^J£tf> L7 ^BMb*ffi*Lrt: 
(B3) o 
[0 0 7 0] 

>j yn-%m.<DV >SMfc«Ma*:a£*3-£fcc DNAtM$*fc»fifllTGF-j9« 
ffftj^^fStt^PPfMSfr^ £ J: fJ^^^tLTV^ (F.Furukawa, K.Matsuzak 

i et.al., Hepatology in press) 0 ttz, V y ii -W$L<r>V >WLit*®M1rZ>v&%®MW 
8MtK*5V»-C<> TGF-pfcftMKfc^fti&timfflZtltz (04) o 
[0 0 7 1 ] 

£ *l J: «3 . Smad3<75'J > ii -ffl$L<D U >Wk* fflJFl"* £ Ji-e-Ofgte&flJiM 

tiitcot^i), *St#*fflv>fc'; >i*fb<o*fcffifc&o f fcy >mibi£«o#iffi?j?£f± 

, 'J >Bft^b*K#i-*^»OttffiW*4<bi*Smad3«ria#"t*'fb'&'»0^^ V 

[0 0 7 2 ] 

(2) 

7 y MFFft*jKiBMt^*Hfl&(MFB, 2Xl0 6 cells/100mm dish) £DMEM ( 5 % * v 
fl&JBJfiLffif^) KT&BWigfcU 4SJflLVt*#T^T2 0 0 pM TGF-/? (R&D Syste 
ms) fc30#*S*Lfco SHJfefcRIPA ^7r- (10 mM Tris-HCl, pH7.8/l% NP40/0. 15M M 
aCl/1 mM EDTA/10^g/ml aprotinin) |:T**y*->3 > U # <b *Lfc 9 -tf- h C015 
000gj!'l>±V# £ Sma d$F^M3vf$\ proteinG sepharose (Amersham Bi 
oscience) fcJBW v a i t K X •) fclfcitPfcRJES^fco RCcf^ itl* 

3pflL Smad 2I(/Sma d 3 O 'J yii~mM') yWLil&¥kffy&faifcxr\ZC-&mV 
lb#H#J#L# tffiVt'fAyyDyhtfTofco ftUJtt, H R P &8fe L fc2-5fcfiL#/Sl I g 
G. I g H trite (Amersham Bioscience) ^fc^MSCtff o fb^WWfcfcfll 

-vym-74 if- *m ^-csefifb l/co 

ttif£#2 007-3012909 
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> - 5*0 P S m a d 3 |S«^»DN A^MpGL 3 * 

^ 6 4 0 ( 5 % ^->H&JiJflLf»M) KtftB««UHepG2IBOt«, sup 

ct (QIAGEN) tm^tz 'J#7x^'>3 >tti:t*AU MFBF 
t AMINE (invitrogen) ^-J^x^/h^IXU. Jfc^*M 
U 120 W l-TGF- /? *ttttD L , 24& ft v> li48ll*m!Mllfi * EUR L * <> 7 * 7 - *lStt * 

(15A) o ffc, .;>*-«*0**K:J:*)Smad3 0*^«l*jqi«S 

HI 5 B) o 

■eiSBi- ft - * ftfco 

i! ° 7 «ff v.ft r J: *K ffittfti:lR4 > * ^ S 

m a d 3 i>«ttft * * ^ fb TiT to k & * . 

[0 0 7 7 ] 

MftrtO*ffi»iBE* (Cancer Res. ; K.Mat suzaki et.al. 60, 1394-1402 (2000)) \z 
stein et al Cancer Res. 35, 253-263 (1975) ) &LAB TEK chambers \Z X^m U 200pM 
fS» (Smad20C«OTV*-m *^Smad30 

r£iikSyy*-«o#u>«ft»liWtt#) *^^flag#l^-c4T:, i6P*n 

, (Smad20C«W>*-« *tr*= S m a d 3 «> C ' 

y^^^IgG (Vector Laboratories) tlCSilj:^ M X ^**%'^ a 
v,/. l± XH/^bTe v >HRP regent (Vector Laborator les) £ Ital JU5j W 

, 0. 0 0 6 % SBfe^7K5R*^tfPBS^-C^fe§*ft-t^«t Otrofeo 
[0 0 7 9]. 

miiE#2 007-3012909 



mm 2003-351259 v : 13/E 



(i) m^omm 

U >Mi(OtIKft-eMitit, Smad3';3>tr^>hfc*>f>e 
hnCT>f ^^j--^- h-T^^ ttcj: 13 Sma d 3 >BMtS-ti\ GMWfrfrTVJ >&it 
Sm a d 3 *tftmirZ> 0 $tt^ffl^tSma d3«'J p 3 8Xtr J NKC 

[0 0 8 0] 

(2) 

(clone 9tv^ffl|gtttffi) ^rl5B# M*SJflL«f*ftT-CJ&* Ltz®., TG 
F-^ML, 15^XJi60^mt=#fflflSSrllJRL, U >WLVcM^^SEM^ib %> V >Wtit 
J NKXIi'J >@Hbp 3 8 (£*Hbol£3RHU »*g##'J >BMfcS*L*£fcfcJ: ijffitt 
iJ:^^) i*tih<Dft£&Lfc ^ftL^Proraegali) -e&3£i£l$$-£, y°uy-J 
>G-b77n-A*fflv>tfiL, *-*--4f/** 7r-(2 5mM Tris-HCU 
pH7. 5, 5 mM ^-7nD*X7x-K 2 mM DTT, 0. 1 mM 
NasVOs, 10 mM M g C 1 2 ) Tifcifr U JSfl9 $ i <£> t L fc„ 

^<0^*^p°pt, ^M-Cf^fiLfcy ^^*t>FGST-Smad SS^G ST-Sm 
ad2 2 y «g^l00^M ATP^^tr50^ 1 ^t-tfAy^r-C-CRlSS* 

fflv^-fA^yn y «t ^ 'J >m<bS m a d Ztklti Lfz a t^&^m 7 t'^i" 0 

[0 0 8 1 ] 

£*?V-->^- Jft#-T Z>z\t iflX § & o 
[0fficofflm=fel^0^] 
[0 0 8 2 ] 

[121 1 ] m^tz^-7^- KOSm a d 2 3 <0 1 #ca*j&±K*Jtt<&ffcS«:3t , *-o 
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